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DEFORMATION EFFECTS ON DISPERSION HARDENED ALLOYS 
by J. J. Pe t rov ic  and L. J. Ebert  

ABSTRACT 

The i n v e s t i g a t i o n  of creep and creep-rupture p r o p e r t i e s  i n  

t h e  TD-nickel a l l o y  system is  proceeding along l i n e s  d i r e c t e d  

towards c o n t r o l l i n g  t h e  p r o p e r t i e s  by c o n t r o l l i n g  t h e  g r a i n  s i z e  

of t h e  a l l o y .  The prel iminary study is  nea r ly  complete. Suitable 

var iance  of g r a i n  s i z e  and shape--material v a r i a b l e s  t o  be  exanined 

i n  t h e  creep and creep-rupture work--has been e s t a b l i s h e d  w i t h  3" 

b a r  TD-nickel s t a r t i n g  m a t e r i a l ,  and e f f o r t s  a r e  cont inuing t o  

extend t h i s  degree of m i c r o s t r u c t u r a l  c o n t r o l  i n t o  TD-nickel and 

TD-nickel-chromium s h e e t  ma te r i a l s .  

The c a p a b i l i t y  f o r  e l eva ted  temperature t e n s i l e  t e s t i n g  has 

been e s t a b l i s h e d ,  and t e s t i n g  is  i n  progress  t o  provide b a s i s  data 

f o r  l a t e r  c reep  and creep-rupture i n v e s t i g a t i o n s .  The requi red  

experimental  appara tus  f o r  c reep  and creep rup tu re  t e s t i n g  is  in 

t h e  l a s t  s t a g e s  of completion. This equipment w i l l  a l low t e s t i n g  

i n  an i n e r t  argon atmosphere a t  temperatures a s  high a s  2 4 0 0 ~ ~ .  

A l i m i t e d  amount o f  work has  been conducted with regard  to an 

i n t e r n a l  f r i c t i o n  i n v e s t i g a t i o n  designed t o  provide independent data 

regarding e leva ted  temperature creep mechanisms, Attempts t o  pro- 

duce s i n g l e  c r y s t a l s  of TD-nickel by conventional and non-convcntianal 

e l e c t r o n  beam f l o a t i n g  zone methods have been unsuccessful ,  



INTRODUCTION 

To some degree,  t h e  f a b r i c a t i o n  .and use  of t h o r i a  dispersed 

n i c k e l  b a s e  a l l o y s  h a s  surpassed a well-grounded understanding of 

t h e  f a c t o r s  which impart t h e i r  e x c e l l e n t  e l eva ted  temperature pro- 

p e r t i e s .  I n  an a t tempt  t o  r e c t i f y  t h i s  s i t u a t i o n ,  work under the 

p r e s e n t  Grant was begun t o  examine e leva ted  temperature behavior 

i n  t h e  TD-nickel a l l o y  system from f i r s t  p r i n c i p l e s ,  and t o  deter- 

mine t h e  mechanisms which c o n t r o l  it. Such an approach has  a s  i t s  

end p o i n t  an opt imiza t ion  of t h e  e l eva ted  temperature performance 

of t h e s e  m a t e r i a l s .  

To d a t e ,  t h e s e  i n v e s t i g a t i o n s  have produced s i g n i f i c a n t  r e s u l t s ,  

Exploratory examinations of  e l eva ted  temperature deformation behavior 

and deformation/annealing responses i n  TD-nicl.;el b a r  m a t e r i a l s  have 

provided b a s i c  g u i d e l i n e s  f o r  f u r t h e r ,  more i l lumina t ing ,  study (1) * 

The complex and puzzl ing  deformation and anneal ing behavior occurring 

i n  TD-nickel b a r  has  been we l l  def ined  and i n t e r p r e t e d  i n  terms of 

t h e  b a s i c  c o n t r o l l i n g  v a r i a b l e s  ( 2 )  . 
These previous  s t u d i e s  have e s t a b l i s h e d  a f i rm b a s i s  f o r  t h e  

p r e s e n t  phase of t h e  r e sea rch  program ( 3 ) .  This p r e s e n t  p a r t  of t he  

program h a s  a s  i t s  goal  a determinat ion of t h e  mechanisms cont ro l l rn i ;  

t h e  e l e v a t e d  temperature creep and creep-rupture behavior i n  t h e  TD- 

n i c k e l  a l l o y  system. The p r e s e n t  r e p o r t  summarizes research  completed 

during t h e  t ime pe r iod  January 1970 t o  January 1971, 

* Numbers i n  parentheses  i n d i c a t e  r e fe rence  l i s t i n g s  a t  t h e  e ~ d  of 
t h i s  r e p o r t ,  



I N I T I A L  WORK 

Determination of  Mate r i a l  Variables:  

The m a t e r i a l  v a r i a b l e s  considered f o r  p o t e n t i a l  use  i n  exan-- 

in ing  creep behavior were: 1) g r a i n  s i z e ,  2 )  g r a i n  shape, 3)  t h o r i a  

p a r t i c l e  d i spe r s ion  (both volume f r a c t i o n  and mean p a r t i c l e  d i a m e t e r ) ,  

4)  t e x t u r i n g ,  and 5) mat r ix  composition. 

A complete range of  g r a i n  s i z e  c o n t r o l  has  now been achieved 

wi th  TD-nickel 3" b a r  s t a r t i n g  mate r i a l .  Small (0.001 mrn average 

g r a i n  diameter)  , in termedia te  (0.04 rnm diameter) , and l a r g e  (0,5- 

1.0 rnm diameter) g r a i n  s i z e s  have been produced us ing  t h e  s a m e  

s t a r t i n g  m a t e r i a l  (3" b a r ) .  P r i o r  t o  t h i s  t ime, such a  range af 

g r a i n  s i z e  c o n t r o l  has  n o t  e x i s t e d ,  p r i n c i p a l l y  because of the 

d i f f i c u l t y  i n  producing an in termedia te  g r a i n  s i z e  i n  t h i s  material, 

Grain s i z e  c o n t r o l  was developed by fol lowing t h e  guidelines 

e s t a b l i s h e d  f o r  t h e  deformation and anneal ing response of TD-nie"keP 

b a r  ( 2 ) .  The small  g r a i n  s i z e  is obta ined  from t h e  as-received 

s t a t e  of t h e  3" b a r  (p lus  a one hour anneal  a t  2 4 0 0 ~ ~ ) .  Abnormal 

g r a i n  growth a f t e r  approximately 30% cold  r o l l i n g  t r a n s v e r s e  t o  the  

b a r  a x i s  and anneal ing f o r  one hour a t  2 4 0 0 ~ ~  produces t h e  l a r g e  

g r a i n  s i z e ,  The in termedia te  g r a i n  s i z e  is  developed by f u r t h e r  

r o l l i n g  and anneal ing of t h e  l a r g e  gra ined  s t r u c t u r e ,  This involved 

0 
75% cold  r o l l i n g  p l u s  a one hour anneal  a t  2400 F. 



The t r a n s v e r s e  r o l l i n g  process  requi red  t o  produce a  Large 

g r a i n  s i z e  from t h e  i n i t i a l  f i n e  g r a i n  s i z e  of t h e  as-received 

s t a t e  presented  some l i m i t a t i o n s  t o  t h e  above process ing ,  This 

was due l a r g e l y  t o  s k i n  r o l l i n g  e f f e c t s  which occurred when the  

i n i t i a l  specimen th ickness  was g r e a t e r  than 3 / 8 " .  Skin r o l l i n g  

l e d  t o  two adverse e f f e c t s ,  The f i r s t  was incomplete ( l e s s  t h a ~  

100%) t ransformat ion  t o  a  l a r g e  g r a i n  s i z e  throughout t h e  bull.; 

r o l l e d  sample ( t ransformat ion  occurred i n  p r e f e r e n t i a l  a r e a s  o f  

t h e  specimen) . The second e f f e c t  was a  mechanical s p l i t t i n g  frac- 

t u r e  of t h e  r o l l e d  samples a t  t h e  middle of t h e i r  th ickness  ( i - e ,  

an " a l l i g a t o r i n g "  e f f e c t ) ,  which occurred a t  reduct ion  l e v e l s  near  

30%. The tendency f o r  " a l l i g a t o r i n g "  diminished a s  the reduct ion  

p e r  pass  was increased ,  

To e l imina te  t h e  above, an i n i t i a l  r o l l i n g  specimen geometry 

of 2 "  i n  t h e  r o l l i n g  d i r e c t i o n  x 1" wide x 3 /8 "  t h i c k  was adopted, 

This specimen (machined from t h e  as-received s t a t e  of t h e  3" "bar] 

was then  r o l l e d  down t o  &" t h i c k  i n  reduct ions  of 0.050" p e r  pass, 

r o t a t i n g  t h e  specimen 180° about t h e  r o l l i n g  d i r e c t i o n  a x i s  and 

about t h e  normal t o  t h i s  a x i s  a f t e r  each pass  t o  produce mare uni- 

form deformation. Af te r  a  one hour anneal  a t  2400°~ ,  t h i s  m a t e r i a l  

was 100% transformed t o  a  l a r g e  g r a i n  s i z e .  The in termedia te  grain 

s i z e  was obta ined  by r o l l i n g  t h e  annealed &" specimens t o  a 0-07'5'' 

thiclcness i n  redu.ctions of 0.030" p e r  pass  and then  anneal ing orie 

hour a t  2 4 0 0 ~ ~ .  No tendency f o r  " a l l i g a t o r i n g "  was encountered for 

t h i s  second r o l l i n g  process .  



Grain shape c o n t r o l  i s  being achieved by swaging of t h e  as-- 

* r ece ived  s t a t e  of TD-nickel 3" ba r .  The c r i t e r i a  f o r  optimal 

v a r i a t i o n  of g r a i n  shape are:  1) t h a t  t h e  g r a i n  s i z e  remain eon- 

s t a n t ,  2 )  t h a t  t e x t u r a l  v a r i a t i o n s  with v a r i a t i o n  of  g r a i n  shape 

be  minimal o r  a t  l e a s t  simple i n  n a t u r e ,  and 3) t h a t  t h e  g r a i n  

shapes ob ta ined  b e  uniform and r e l a t i v e l y  simple i n  geometry, 

These c r i t e r i a  a r e  b e s t  f u l f i l l e d  by employing swaging defor- 

mations,  a long wi th  a s tandard  anneal  of one hour a t  2 4 0 0 0 ~ -  P r e -  

v ious  work h a s  shown ( 2 )  t h a t  such a t rea tment ,  while  a l t e r i n g  ::he 

g r a i n  shape,  does n o t  change t h e  g r a i n  s i z e ,  Furthermore, textural 

changes produced by swaging ( t h e  as-received s t a t e  of TD-ni.ckeT 3'' 

b a r  possesses  a weak 4100 2- - 41117" f i b e r  t e x t u r e )  a r e  no t  complex, 

a s  swaging tends  only t o  s t rengthen  (and s l i g h t l y  a l t e r )  t h e  fiber 

t e x t u r e  a l r eady  e x i s t e n t .  F i n a l l y ,  g r a i n  shape changes on swaging 

a r e  r e l a t i v e l y  simple i n  na ture .  The i n i t i a l  as-received s t a t e  s f  

3" b a r  con ta ins  approximately equiaxed g r a i n s .  With swaging, t h e s e  

become elongated i n  t h e  swaging d i r e c t i o n  and t h e i r  shapes changed 

t o  t h a t  of a p r o l a t e  spheroid (an e l l i p s e  r o t a t e d  around i t s  rna3or 

a x i s ) .  

I n  o r d e r  t o  produce s i g n i f i c a n t l y  d i f f e r e n t  changes i n  g r a m  

shape whi le  r e t a i n i n g  enough m a t e r i a l  from which t o  make reasonably- 

s i z e d  mechanical t e s t  specimens, an i n i t i a l  diameter of I "  w a s  re- 

qu i red  f o r  swaging, The as-received s t a t e  of 3" bar  se rves  a s  ,he 

* NASA f a c i l i t i e s  a t  t h e  Lewis Research Center ,  Cleveland, Ohio 
were u t i l i z e d .  



equiaxed g r a i n  shape, This equiaxed s t a t e  has  a  length-to--diameter 

r a t i o  ( o r  L/D r a t i o )  of 1. An in termedia te  elongated g r a i n  shape 

is  then produced by swaging t o  a  0.464" diameter ( t o  produce ap L/D 

r a t i o  of 1 0 ) .  Large swaging reduct ions  t o  a  0.322" diameter a r e  

used t o  ob ta in  a  h igh ly  elongated g r a i n  shape (L/D r a t i o  of 30)" 

which approximates t h a t  occurr ing  i n  TD-nickel commercial 1'3bar- 

A l l  swaging reduct ions  were cold ,  wi th  no in termedia te  anneals ,  

Swaging was followed by a  one hour anneal  a t  2 4 0 0 ~ ~ .  

The var ious  g r a i n  s i z e s  and g r a i n  shapes produced from 3 ' 3 b a r  

TD-nickel w i l l  be  cha rac te r i zed  by q u a n t i t a t i v e  microscopy, trans- 

mission e l e c t r o n  microscopy ( t o  examine s u b s t r u c t u r e ) ,  and t e x t u r a l  

measurements, With regard  t o  t e x t u r a l  measurements, t h e  capab i l  l ty 

of producing complete p o l e  f i g u r e s  is p r e s e n t l y  a t  hand, The experi- 

mental equipment involves use  of t h e  x-ray d i f f r ac tomete r  toge the r  

wi th  a  G E  I n t e g r a t i n g  Pole Figure Goniometer. Specimens must be 

thinned t o  0.001-0.002" t h i c k  f o r  t h e  a p p l i c a t i o n  of t h i s  method, 

This  is accomplished most s a t i s f a c t o r i l y  by spark machining, 

A p o l e  f i g u r e  obta ined  f o r  t h e  as-received s t a t e  of 3 ' 9 b a r  

TD-nickel i s  shown i n  Figure  1. To assemble t h e  po le  f i g u r e s ,  a 

randomly o r i e n t e d  sample of f i n e  gra ined  TD-nickel b a r  conso l ida te  

(100% dense) was used a s  a  s tandard ,  This  m a t e r i a l  was obta ine?  

from Fans tee l  Corporation (a  randomly o r i e n t e d  TD-nickel shee t  con- 

s o l i d a t e  was a l s o  o b t a i n e d ) .  For t h e  l a r g e  gra ined  m a t e r i a l s ,  ihih-i-ch 

a r e  no t  amenable t o  t h e  above s tandard  po le  f i g u r e  experimental  t ech -  

nique, a  s u i t a b l e  p o l e  f i g u r e  w i l l  be  cons t ruc tured  from Laue bzck 

r e f l e c t i o n  photographs of ind iv idua l  l a r g e  g r a i n s .  



The mate r ia l  va r i ab l e s  of t ho r i a  p a r t i c l e  d ispers ion and t ex -  

t u r i ng  w i l l  probably not  be examined extensively i n  t he  near  f d tu r e ,  

The t h o r i a  p a r t i c l e  d ispers ion cannot be va r ied  s a t i s f a c t o r i l y  i n  

t h e  labora tory  (e.g. by t h o r i a  p a r t i c l e  coarsening, f o r  example) , 

Thus, an examination of t h i s  va r i ab l e  must r e l y  on material  supglied 

by t h e  commercial supp l ie r  of TD-nickel a l l oys ,  t he  Fansteel  Corp- 

ora t ion .  Such mate r ia l  can be supplied by Fanstee l ,  i n  t he  f o r m  

of experimental 10 pound l o t s  of both TD-nickel and TD-nickel-cj~romiurn, 

Such mate r ia l  is  i n  a  f i n e  grained,  as-forged, consol idated ccndi- 

t i o n  and is most e a s i l y  provided a s  3/4" t h i c k  p l a t e .  A v a r i a t i o n  

of t h o r i a  volume f r a c t i o n  from 0 - 10% is poss ib le  and t h e  thoria 

p a r t i c l e  s i z e  may a l s o  be a l t e r e d .  However, a  major de te ren t  to 

t h e  study of t he  v a r i a b l e  of t ho r i a  p a r t i c l e  d ispers ion is  the high 

* 
cos t  of each experimental 10 pound l o t  of mater ia l .  Future budget- 

ing f o r  such a cos t  may al low t h e  examination of t h i s  most interesting 

and important v a r i a b l e  i n  t he  fu ture .  

To be meaningful, t h e  va r i ab l e  of t ex tu r ing  must be examined 

independent of any changes i n  g r a in  s i z e  o r  shape produced a s  t h e  

t e x t u r e  i s  a l t e r e d .  The Fanstee l  Corporation can provide TD-nickel 

and TD-nickel-chromium a l l o y s  i n  a  t ex tu re - f ree  s t a t e .  Although a 

va r i ab l e  t e x t u r e  with constant  g r a in  s i z e  can be produced ( e , g ,  by 

t he  swaging process discussed p rev ious ly ) ,  t h e  production of a va r i -  

ab l e  t ex tu r e  with both constant  g ra in  s i z e  and g ra in  shape does n o t  

seem poss ib le  a t  t he  p resen t  time. Although t h e  p o t e n t i a l  study of 



t h i s  v a r i a b l e  seems doubt fu l ,  f a m i l i a r i t y  gained with t h e  T D - n i c k e l  

a l l o y  system might provide some rou tes  f o r  i t s  examination,, 

The v a r i a b l e  of mat r ix  composition w i l l  be examined b ~ r  con?.-- 

pa r ing  t h e  behaviors  of  TD-nickel 3" b a r  and TD-nickel s h e e t  rnater&al 

t o  t h a t  o f  TD-nickel-chromium s h e e t  ma te r i a l .  TD-nickel-chromium 

b a r  cannot  b e  examined i n  t h i s  s tudy because of t h e  p r o h i b i t i v e  

* 
m a t e r i a l  c o s t  and t h e  non-homogeneous as-received p r o p e r t i e s  cf 

t h e  b a r  m a t e r i a l .  

A program is  p r e s e n t l y  underway t o  eva lua te  t h e  deformatien 

and annea l ing  p r o p e r t i e s  of TD-nickel and TD-nickel-chromium sheet, 

on t h e  b a s i s  of what has  been achieved i n  TD-nickel 3" b a r  m a t e r i a l ,  

The F a n s t e e l  Corporation has  provided small  samples of t h e s e  n z t -  

e r i a l s  f o r  t h i s  purpose. The goal  h e r e  is t o  produce t h e  same degree 

of c o n t r o l  over  g r a i n  s i z e  and shape i n  t h e  shee t  m a t e r i a l s ,  a s  was 

p o s s i b l e  i n  t h e  3" b a r  TD-nickel a l l o y .  A n  inherent  d i f f i c u l t y  i n  

t h i s  t a s k  may be t h e  g r e a t e r  r e s i s t a n c e  of t h e  TD-nickel-chromium 

a l l o y  t o  mechanical deformation ( 4 ) .  I d e a l l y ,  g r a i n  s i z e  and shape 

c o n t r o l  should be  produced from t h e  same i n i t i a l  s t a r t i n g  s t a t e  of 

t h e  m a t e r i a l  by s u i t a b l e  deformation and anneal ing t r ea tmen t s ,  For 

TD-nickel, i n d i c a t i o n s  a r e  t h a t  t h i s  may be p o s s i b l e  i f  t h e  s t a r t i n g  

m a t e r i a l  is  p l a t e  of &" o r  g r e a t e r  th ickness .  However, f o r  the  TD- 

nickel-chromium a l l o y ,  it may n o t  be p o s s i b l e  t o  achieve such an 

i d e a l  s i t u a t i o n ,  This  would mean t h a t  t h e  colnmercial supp!..ier 

( F a n s t e e l  Corporat ion)  would have t o  provide f a b r i c a t e d  m a t e r i z l s  of 

d i f f e r e n t  g r a i n  s i z e s  and shapes,  

*For 3" b a r ,  t h e  Fans tee l  Corporation r e q u i r e s  a  minimum order of 
100 pounds, a t  a c o s t  of $100 pe r  pound. 



Elevated Temperature Tens i l e  Testing: 

The c a p a b i l i t y  f o r  conducting t e n s i l e  t e s t s  a t  temperatures 

from room temperature t o  t h e  melt ing p o i n t  of n i c k e l  ( 2 6 5 0 ~ ~ )  a t  

a  vacuum of 5 x  t o r r  has  been developed. The srperimental  

appara tus  u t i l i z e s  an I n s t r o n  t e n s i l e  t e s t i n g  machine i n t e g r a l l y  

cons t ruc ted  with a  Brew high-temperature, high-vacuum furnace ,  

The I n s t r o n  u n i t  possesses  a  s t r a i n  r a t e  range of 0,002 - 2 inches/ 

minute cross-head speed, wi th  a  maximum p r a c t i c a l  f u l l  s c a l e  load of 

5000 pounds and a minimum p r a c t i c a l  f u l l  s c a l e  load  of 20 p o ~ ~ n d s ,  

Tens i l e  specimen geometries which conform t o  t h e  c o n s t r a i n t s  

p r e s e n t  i n  t h e  product ion of v a r i a b l e  g r a i n  s i z e s  and g r a i n  shapes 

from 3'" b a r  TD-nickel have been designed and a r e  shown i n  Figures 

2 and 3 ,  Simi la r  geometries should be s u i t a b l e  f o r  use  wi th  T65- 

n i c k e l  and TD-nickel-chromium s h e e t  m a t e r i a l s ,  The major specimen 

design c r i t e r i o n  was t h a t  a l l  e longat ion  should occur wi th in  a well 

def ined  gage sec t ion .  This was necessary because s t r a i n  gages can- 

n o t  be  mounted d i r e c t l y  on t h e  t e s t  p i eces  when they  a r e  t o  be tested 

a t  e l eva ted  temperatures ,  Hence, t h e  t e s t  p i e c e  elongat ion be 

measured by t h e  t e n s i l e  machine cross-head motion. To d a t e ,  a l l  

designs have proven t o  be  v iab le .  

The main i n t e n t  of t h e  t e n s i l e  t e s t i n g  program is one of pro- 

viding  e leva ted  temperature mechanical deformation da ta  w h i c h  ray Se 

used a s  a  b a s i s  f o r  f u r t h e r  creep and creep-rupture t e s t i n g ,  O f  

s p e c i f i c  i n t e r e s t  a r e  y i e l d  s t r e n g t h  and d u c t i l i t y .  



A s  of t h e  p r e s e n t  t ime, t e n s i l e  t e s t s  have been conducted at 

room temperature and a t  var ious  e l eva ted  temperatures  of i n t e r e s t  

above %T, (Tm is  t h e  melt ing p o i n t )  f o r  t h e  d i f f e r e n t  grain.  s l z e s  

produced from TD-nickel 3" b a r ,  These da ta  a r e  shown i n  Table 1, 

CREEP AND CREEP-RUPTURE 

To d a t e ,  a l l  work on t h i s  c e n t r a l  a spec t  of t h e  i n v e s t i g a t t v e  

program has  been concerned with assenibling t h e  experimental  ecpkp- 

ment r equ i red  f o r  t h e  proposed s tudy,  The o b j e c t i v e  has  been t o  

produce a  c a p a b i l i t y  f o r  c reep  (cons tan t  s t r e s s )  and creep-rupture 

(cons tant  load)  t e s t i n g  i n  an i n e r t  atmosphere (argon) a t  tempera- 

t u r e s  a s  h igh  as  2 4 0 0 ~ ~ .  wi th in  a  load  range of 5 - 20,000 pounds. 

A s  of t h e  p r e s e n t  t ime,  t h e  assembly of t h e  experimental  appar- 

a t u s  i s  nea r ly  complete. Sa tec  Model LD - 20,000# creep u n i t s  a r e  

o t h e  b a s i c  components, Furnaces capable of 2 1 0 0 ~ ~  and 2400 F specimen 

temperatures have been obtained.  These a r e  t o  be used with r re ta .1  

0 
(2100 F)  and ceramic ( 2 4 0 0 ~ ~ )  r e t o r t  assemblies  designed t o  provide 

a  p r o t e c t i v e  argon atmosphere. Creep s t r a i n  with t ime w i l l  be meas- 

ured  o u t s i d e  t h e  furnace and r e t o r t ,  w i th  an automatic LVDT (Linear 

Var iab le  D i f f e r e n t i a l  Transformer) system monitoring t h e  motion of 

t h e  creep t r a i n  h o t  s t u d ,  Both cons tant  s t r e s s  and cons tant  l o a d  

condi t ions  may be achieved on t h e  same creep u n i t  by a  r e l a t i v e l y  

simple modif icat ion of t h e  l e v e r  arm loading assembly (5)- Specimen 

designs a r e  t h e  same a s  those  descr ibed f o r  e l eva ted  temperature 

t e n s i l e  t e s t i n g  (Figues 2 and 3 ) .  



INTERNAL FRICTION 

Work on t h e  i n t e r n a l  f r i c t i o n  i n v e s t i g a t i o n ,  which has been 

l i m i t e d ,  has  concentrated on producing specimens of s u i t a b l e  geo- 

metry f o r  t h e  i n t e r n a l  f r i c t i o n  apparatus  ( t o r s i o n  pendulum) , The 

requirement h e r e  i s  a  minimum o v e r a l l  l eng th  of 4" and a  c ross -~  

2 
s e c t i o n a l  a r e a  of approximately 0.0008 i n  . A wire  geometry (cir- 

c u l a r  c ross-sec t ion)  i s  d e s i r a b l e ,  with a  diameter of 0,020"-0,040" ., 

However, specimens of r ec tangu la r  c ross-sec t ion  a r e  a l s o  s u i t a b l e ,  

It may be p o s s i b l e  t o  produce var ious  g r a i n  s i z e s  and shapes 

i n  t h e  w i r e  geometry descr ibed  above from 3" b a r  TD-nickel by sxit- 

a b l e  modi f i ca t ions  of t h e  deformation and anneal ing schemes o u t l i n e d  

previous ly .  Swaging would be  t h e  i d e a l  deformation method, bu t ,  

whi le  t h i s  technique can e a s i l y  produce var ious  g r a i n  shapes,  it 

may be  o f  l i m i t e d  va lue  i n  producing a  range of g r a i n  s i z e s ,  Should 

t h i s  be  t h e  case ,  a  r ec tangu la r  cross-sect ioned specimen might have 

t o  be  adopted. Specimen p repara t ion  techniques should be e a s i l y  

extendable i n t o  TD-nickel and TD-nickel-chromium s h e e t  m a t e r i a l s ,  

The i n t e r n a l  f r i c t i o n  i n v e s t i g a t i o n  i s  intended t o  be an inde- 

pendent means f o r  t h e  cons idera t ion  of e l eva ted  temperature creep 

mechanisms i n  t h e  TD-nickel a l l o y  system, Recently,  i n t e r n a l  friction 

work of  l i m i t e d  scope has  been publ ished ( 6 ) .  These d a t a ,  w h i c h  were 

ob ta ined  f o r  t h e  behavior of  TD-nickel %" b a r ,  i n d i c a t e  t h a t :  1) the 

damping i n  t h i s  m a t e r i a l  i s  h igh ly  a n i s o t r o p i c  with r e spec t  t o  speci-- 

ment o r i e n t a t i o n  ( i n  r e l a t i o n  t o  t h e  b a r  a x i s ) ,  and 2 )  broad damping 

peaks occur  i n  t h e  temperature range 4 0 0 ~ ~  - 6 5 0 ~ ~  which a r e  probably 



r e l a t e d  t o  g r a i n  boundary r e l a x a t i o n  processes .  I n  view of these 

r e s u l t s ,  a more comprehensive and complete examination of the 

e f f e c t s  of g r a i n  s i z e ,  g r a i n  shape and matr ix  composition on the  

i n t e r n a l  f r i c t i o n  behavior of t h e  TD-nickel a l l o y  system sbouLd 

provide u s e f u l  da ta  f o r  t h e  a n a l y s i s  of b a s i c  c reep  mechanisms, 

SINGLE CRYSTAL TD-NICKEL PRODUCTION 

Attempts were made t o  produce s i n g l e  c r y s t a l s  of  TD-nickel from 

3" b a r  TD-nickel s t a r t i n g  m a t e r i a l ,  using an e l e c t r o n  beam floating 

zone apparatus .  I n  t h e  i n i t i a l  a t tempt ,  1/8" diameter rods were 

melted by t h e  f l o a t i n g  zone method, a s tandard  procedure f o r  obtain-  

ing s i n g l e  c r y s t a l s  from non-dispersion hardened m a t e r i a l s .  T h i s  

procedure was found t o  be  completely u n s a t i s f a c t o r y ,  because of a 

r a d i c a l  a l t e r a t i o n  of t h e  t h o r i a  p a r t i c l e  d i spe r s ion  by t h e  melting 

process .  The appearance of melted and unmelted regions  i s  shown. 

i n  F igure  4. Thoria d i spe r s ion  inhomogeneity was confirmed by 

scanning e l e c t r o n  microscopy, us ing  backsca t t e red  e l e c t r o n s  f o r  the  

d e t e c t i o n  of thorium. Figure 5 shows t h e  t h o r i a  p a r t i c l e  dispersion 

i n  melted and unmelted regions s i m i l a r  t o  those  i n  F igure  4, An 

i n t e r e s t i n g  f e a t u r e  of F igure  4 i s  t h e  apparent  g r a i n  growth w h i c h  

has  occurred i n  t h e  rod  when t h e  t h o r i a  p a r t i c l e  d i s t r i b u t i o n  w a s  

reduced by melt ing,  On melt ing,  excess t h o r i a  was probably removed 

t o  t h e  specimen s u r f a c e s ,  a s  t h e s e  acquired a grayish-white caste 

a f t e r  melt ing.  



Having e s t a b l i s h e d  t h e s e  r e s u l t s ,  t h e  next  approach was t o  

h e a t  t h e  1/8" rod t o  a s  c l o s e  t o  t h e  melt ing p o i n t  a s  p o s s i b l e ,  

without a c t u a l l y  melt ing t h e  sample, I t  was hoped t h a t  t h e  ecsnl- 

b i n a t i o n  of a  s l i g h t  amount of t h o r i a  p a r t i c l e  coarsening and exper- 

imental  condi t ions  ( i . e .  s t e e p  temperature g r a d i e n t s  and motion of 

t h e  h o t  zone) would induce s e l e c t i v e  growth of a  very small. numher 

of g r a i n s  t o  produce a t  l e a s t  a b i -  o r  t r i - c r y s t a l .  This ,  however, 

d i d  n o t  occur and t h e  m a t e r i a l  remained f i n e  gra ined  a f t e r  t h i s  

t reatment .  

The f i n a l  approach was t o  begin t h e  zone r e f i n i n g  process  siiith 

m a t e r i a l  deformed such t h a t  it would t ransform t o  a  l a r g e  g r a i n  size 

on normal anneal ing.  A t r a n s v e r s e  r o l l i n g  scheme s i m i l a r  t o  t h a t  

descr ibed previous ly  f o r  3" b a r  m a t e r i a l  was used. One-eight3 inch 

rods w e r e  machined from t h i s  r o l l e d  ma te r i a l .  A n i c k e l  seed crystal 

was then melted onto t h e  specimen t o  provide a  n u c l e i  f o r  g r a i n  

growth, and t h e  zone r e f i n i n g  process  begun a t  a temperature bebow 

t h e  melt ing p o i n t .  The i n t e n t  was t o  a i d  s e l e c t i v e  g r a i n  growth by: 

1) providing an e x t e r n a l  n u c l e i ,  and 2 )  using m a t e r i a l  which w a s  

i nhe ren t ly  prone t o  l a r g e  g r a i n  growth on high temperature annealing, 

However, aga in  t h i s  process  f a i l e d  t o  produce a  s i n g l e ,  bi-, o r  tri- 

c r y s t a l .  Ins t ead ,  the  r e s u l t a n t  mic ros t ruc tu re  was s i m i l a r  t o  t h a t  

produced by ord inary  annealing. 

I n  view of t h e  previous r e s u l t s ,  it seems doubt fu l  that a 

s i n g l e  c r y s t a l  of TD-nickel can be produced by conventional e l e c t r o n  



beam f l o a t i n g  zone methods, even with extens ive  modif icat ion of 

technique. A p o s s i b l e  a l t e r n a t i v e  approach i s  t h e  u s e  of i n t e r n a l  

ox ida t ion  t o  produce a Tho2 d i spe r s ion  i n  an i n i t i a l  nickel-thariuir  

a l l o y  s i n g l e  c r y s t a l .  However, it is  no t  know whether a s u i t a b l e  

t h o r i a  d i s p e r s i o n  could b e  achieved by t h i s  method. 
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TABLE 1 - T e n s i l e  T e s t  R e s u l t s  f o r  Various Gra in  S i z e s  

T e s t  Temp (OF)  Y i e l d  S t r e n g t h  (PSI)  T e n s i l e  S t r e n g t h  (PSI) -- Elonqation :;;\ 

Small  g r a i n  s i z e  (0 ,001 nun) 

I n t e r m e d i a t e  g r a i n  s i z e  (0 -04  mm) 

Large g r a i n  s i z e  (0.75 mm) 

50,400 74,400 
51,000 76,100 
48,700 74,000 
27,800 29,100 
18,200 18,200 
12,500 12,500 
12,400 12,400 
10,200 10,200 

8,380 8,380 
7,610 8,200 

* F r a c t u r e d  a t  o r  b e f o r e  0.2% e longa t ion  o f f s e t .  
** Specimen broke  i n t o  t h r e e  p i e c e s .  



Figure 1 - 1111] p o l e  f i g u r e  of as-received 3" b a r  TD-nickel. 
ED and TD r e f e r  t o  t h e  ex t rus ion  d i r e c t i o n  and 
t r a n s v e r s e  d i r e c t i o n ,  r e spec t ive ly .  Numbers within 
enclosed regions i n d i c a t e  r e l a t i v e  i n t e n s i t i e s ,  







Figure 4 - Appearance of  melted and unmelted regions i n  
TD-nickel a f t e r  e l e c t r o n  beam f l o a t i n g  zone 
melting. Unmelted region is  a t  A. Melted 
region is  a t  B. Note l a r g e  g r a i n  formation 
a t  C. (50 x )  



Figure  5 - Scanning e l e c t r o n  micrograph of melted and 
unmelted regions i n  TD-nickel, us ing  back- 
s c a t t e r e d  e l e c t r o n s ,  Light  regions indica. te  
concent ra t ions  of t h o r i a ,  while  dark regions 
i n d i c a t e  t h o r i a  dep le t ion ,  (200 x) 


